A cross-sectional study was carried out in order to describe the epidemiological, immunological and virological characteristics, and the disease progression of hepatitis C virus (HCV)/human immunodeficiency virus type 1 (HIV-1)co-infected patients from a southern Brazilian population. Of 778 HIV-1-infected individuals enrolled in the study from September 2001 to December 2003, and followed up until June 2004, 757 were tested for anti-HCV antibodies. Of these, 159 (21.0%) showed positive results for anti-HCV. Males, individuals in the 25 to 34 year age range, and individuals of lower economic levels were more likely to be seropositive for both viruses [prevalence rate (PR), 2.04; 95% confidence interval (95% CI), 1.43-2.92; p<0.001]. The anti-HCV reactivity was also associated with blood routes of transmission (PR, 2.20; 95% CI, 1.28-3.77; p<0.001), intravenous drug use (PR, 5.79; 95% CI, 4.74-7.07; p<0.001), self-reported previous sexually transmitted diseases (PR, 1.55; 95% CI, 1.18-2.04; p=0.002), VDRL positivity (PR, 2.87; 95% CI, 2.40-3.43; p<0.001), and anti-HTLV I/II reactivity (PR, 5.09; 95% CI, 4.16-6.23; p<0.001). In the follow-up period, the HCV/HIV-1-co-infected patients showed a trend toward lower CD4 + T-cell counts, higher HIV-1 RNA plasma viral load and faster disease progression than patients infected only with HIV-1, but significant differences were not observed. Although there were proportionately more deaths in the HCV/HIV-1-co-infected group, the use of highly active antiretroviral therapy (HAART) was a string predictor of increased CD4 + T-cell counts and decreased HIV-1 RNA plasma levels, suggesting that HAART is more important to the immunological and virological outcomes in HIV-1 infection than is HCV coinfection status.
Introduction
Hepatitis C virus (HCV) and human immunodeficiency virus type 1 (HIV-1) infection are global public health problems, affecting 170 million and 40 million people worldwide, respectively, and the increasing morbidity and mortality of patients co-infected with both viruses have become a major challenge in the management of such patients (1, 2) .
HCV infection also occurs throughout Brazil and the use of serological screening assays for HCV in blood banks has uncovered a large population of asymptomatic carriers. The prevalence of anti-HCV among blood donors varies from 0.84 to 3.4%, in different parts of the country (3) . Population surveys have shown rates ranging from 0 to 3.0% (4, 5) . In Londrina, in the state of Paraná in southern Brazil, the frequency of anti-HCV initially reported was 1.2% among blood donors (6) , and 0.8% among pregnant patients (7) .
Due to sharing the same risk factors for transmission, HCV and HIV-1 co-infection is a very common event (1, 8) . The prevalence of HCV in HIV-1-infected individuals was investigated in different populations worldwide and varies from as low as 4.0% to greater than 50.0% (9) (10) (11) (12) . In the US and Europe the prevalence averages ~35.0%, but in clinical populations where there is a prevalence of intravenous drug use (IVDU) as a risk factor for acquiring HIV-1, this value may be as high as 80.0-90.0% (13, 14) . The high seropositivity to anti-HCV in HIV-1 patients was also reported in previous studies carried out in Brazil and varied from 17.7 to 25.6% (3, (15) (16) (17) .
It is unclear whether co-infection with HCV can influence the natural history of HIV-1 infection and HIV-1-related morbidity or mortality, either by accelerating HIV-related disease progression, or by contributing to end-stage liver disease. While several studies demonstrated no impact of HCV on HIV-1 infection (18) (19) (20) (21) , studies both in vitro and in patients support a role for HCV in HIV-1 progression (9, 13, 22, 23) . Studies have also reported a more rapid progression of HIV-1 in hemophilic patients infected specifically with HCV genotype 1a or 1b (24) . A longitudinal analysis of CD8 + T-cell responses to HIV-1 and HCV in a cohort of co-infected hemophiliacs demonstrated that HCV infection had an influence on the phenotype of HIV-specific CD8 + T cells, with a reduction in relative perforin and CD57 expression, and the failure to maintain effective CD8 + T-cell responses against HIV-1 may contribute to disease progression (25) . These results could be explained by the fact that HCV is not strictly hepatotropic; it can also replicate in peripheral blood mononuclear cells, and some membrane receptors can be used by both HCV and HIV-1 for entry into cells. In HIV-1/HCV-co-infected individuals, these two different viruses can share cell targets and interact either directly or indirectly (26) . On the other hand, Brazilian AIDS patients with HCV infection have a shorter survival period than those without, but this seems to be mainly a result of their receiving less antiretroviral treatment (27) .
While previous studies of the effects of HCV infection on HIV-1 infection showed conflicting results, there is no doubt that HIV-1 accelerates HCV-related liver disease, especially when immunodeficiency progresses (1) . Several studies have confirmed that HIV-1 co-infection accelerates the natural course of chronic hepatitis C, and is associated with a reduced likelihood of HCV clearance, higher HCV RNA viral load, and a more rapid progression of HCV-related liver disease, leading to an increased risk of cirrhosis (8, 14, 28) . HCV infection may also affect the course and management of HIV-1 disease, particularly by increasing the risk of antiretroviral drug-induced hepatotoxicity (29) . The CD4 + depletion caused by HIV-1 infection was associated with lower HCV-specific CD8 + T cells, indicating that the frequency of circulating HCV-specific CD8 + T-cell responses is sensitive to absolute CD4 + T-cell counts and provides a possible explanation for the accelerated HCV disease course in persons co-infected with HIV-1 and HCV (30) .
Brazil, the most populous country in Latin America, has 620,000 (370,000 to 1 million) people living with HIV-1 (31) . Up to June 2006, a total of 433,067 cases of AIDS had been reported in Brazil, and the southern state of Paraná has the fifth highest incidence of AIDS in the country, with 20,176 cases (32) . The municipality of Londrina ranked second in the number of AIDS cases in Paraná, with a total of 1,070 cases reported between 1984 and 2002 (33) . The pattern of the HIV/AIDS epidemic in Brazil is heterogeneous and has changed according to time, geographic region, and the subpopulations affected. The scant data about the risk factors associated with HCV/HIV-1 co-infection in Paraná state, was obtained in a limited number of HIV-1-infectedindividuals (17) . To address this issue, the present crosssectional study was carried out on a large cohort of HIV-1infected patients to describe the frequency and certain epidemiological, immunological, and virological characteristics of HCV/HIV-1 co-infection, and also to evaluate the impact of HCV infection in the HIV-1 clinical and laboratory outcome.
Materials and methods
Data and laboratory procedures. The protocol was approved by the institutional Research Ethics Committees of Londrina State University and of the Health State Secretariat of Paraná, in southern Brazil. Individuals were invited to participate and informed in detail about the research, and their written consent was obtained.
Study subjects. A total of 778 patients infected with HIV-1 attending various specialized, public, and nonprofit centers for sexually transmitted diseases (STD) from Londrina and region, were enrolled from September 2001 to December 2003 and tracked until June 2004. Details of methods, including sampling strategy, data collection, AIDS diagnostic criteria and clinical and laboratory evaluation of disease progression have been described previously (16, 34, 35) . The patients were divided into two groups. The first group consisted of 161 asymptomatic patients infected with HIV-1 with CD4 + T-cell counts ≥350 cells/mm 3 . At the time of enrollment, 102 of the subjects were receiving no highly active antiretroviral therapy (HAART) (36) , and 59 were on HAART. During the follow-up period (n=157), 89 subjects were receiving no HAART, and 68 were on HAART. The second group consisted of 617 outpatients and inpatients infected with HIV-1 with the symptoms of the disease and/or CD4 counts <350 cells/mm 3 , according to the Brazilian criteria for the definition of AIDS that consider a CD4 + T-cell count of 350/mm 3 as the cut-off value and/or the presence of the opportunist infections for the AIDS diagnosis (37) . At the time of enrollment (n=617), 128 subjects were receiving no HAART, and 489 were on HAART. During the follow-up period (n=611), 45 subjects were receiving no HAART, and 566 were on HAART.
Serological, immunological, and virological tests. The screening and confirmatory serological tests for anti-HIV-1 were performed in serum samples according to standard government procedures (38) . The screening tests used were the enzyme immunosorbent assay (ELISA, Murex™ HIV-1.2.0, Murex Biotech Limited, Dartford, Kent, UK), and the microparticle enzyme-immunoassay (MEIA, Abbott Axsym™ System, HIV-1/2 gO, Abbott GmbH, Weisbaden, Delkenheim, Germany). The confirmatory tests used were indirect immunofluorescence (slides from Fiocruz Institute, Rio de Janeiro, Brazil) and Western blot analysis (Genelabs Diagnostics, Singapore). The serological tests for syphilis used were VDRL (RPR Bras ® , Laborclin, Curitiba, Paraná) and ELISA (ICE Syphilis™ Murex Biotech Limited, UK). The serological markers for HBsAg, anti-HCV antibodies were also determined by MEIA (Abbott Axsym™ System, Abbott Laboratórios, Brazil). The infection with human T-lymphotropic virus type I and II (HTLV I/II) was investigated by screening serological tests using two ELISA with different antigens, one consisting of purified viral lysates of HTVL-I and HTLV-II with recombinant antigen p21E of HTLV-I (Vironostika HTLV-I/II, Bio-Meriéux, Brazil) , and the other of a synthetic peptide from the envelope protein of HTLV I/II and a recombinant transmembrane protein of HTLV-II (Murex HTLV-I+II, Abbott Laboratórios, Brazil). The results of reactive samples were confirmed by Western blot analysis and/or the polymerase chain reaction (PCR), as described elsewhere (39) .
Baseline and follow-up CD4 + T-cell counts were determined in peripheral blood samples collected with EDTA anticoagulant and by flow cytofluorimetry (FACSCount™, Becton Dickinson, San Jose, CA). The results were recorded as number of cells/mm 3 and were used as one of the criteria for AIDS definition (37) . Baseline and follow-up plasma HIV-1 RNA levels were obtained using the Cobas Amplicor™ Monitor HIV-1 version 1.5 (Roche Diagnostic Systems, Brachburg, NJ, USA), with a lower limit of detection of 400 copies/ml and a linear dynamic range of up to 750,000 copies/ml. The viral load was recorded as the number of HIV-1 RNA copies/ml and was log 10 copies/ml transformed.
The endpoints considered for analysis of the clinical disease progression were the development of AIDS, according to the Brazilian criteria for the definition of AIDS (37), and death.
Statistical analysis. All data were recorded with Epi Info software v.6.04d. The variables analyzed included the following factors: sociodemographic (sex, age, educational and economic levels), epidemiological (transmission category, previous STD), serological (VDRL, hepatitis B, HTLV I/II Table I . Sociodemographic and epidemiological characteristics associated with seropositivity for anti-hepatitis C virus observed in HIV-1 infected individuals from southern Brazil, 2001 Brazil, -2004 . 
PR, prevalence rate; CI, confidence interval; IVDU, intravenous drug use. a Antibodies against hepatitis C virus assayed by microparticle enzyme-linked immunosorbent assay; b Chi-square test, p<0.05; c totals vary because of missing observations; d totals vary because certain individuals presented more than one route of transmission; e self-reported sexual transmitted disease (gonorrhoea, syphilis, genital herpes condyloma).
, immunological (CD4 + T-cell counts) and virological (HIV-1 RNA plasma levels), and the clinical evolution of HIV-1 infection. Median, mean, standard deviation and percentage were used to describe the results. The results are presented as prevalence rate (PR) with 95% confidence interval (95% CI). To compare the rates of CD4 + T-cell and viral-load changes among HCV/HIV-1-coinfected individuals with those of individuals infected only with HIV-1, we selected those individuals for whom at least two CD4 + T-cell counts and viral-load measurements were available from September 2001 to June 2004. The rates of CD4 + T-cell and viral-load changes were assessed by using the Mann-Whitney non-parametric test. To evaluate the potential confounding effects of HAART, the slopes were also calculated and compared between the individuals receiving HAART and the individuals not receiving HAART. The slopes were calculated for yearly time intervals. To examine bivariate associations, the Chi-square or, when appropriate, Fisher's exact test was used. P value <0.05 was considered statistically significant.
Results
Sociodemographic, epidemiological, and serological characteristics. As shown in Table I , of the 778 HIV-1infected individuals studied, 345 (44.3%) were female and 433 (55.7%) were male, and 757 (97.3%) were tested for anti-HCV antibodies. Of these, 159 (21.0%) showed positive results for anti-HCV. The univariate analysis showed that among the HIV-1-infected subjects, males, individuals in the 25 to 34 year age range, and individuals with lower economic levels were more likely to be seropositive for anti-HCV, with PRs of 1.95 (95% CI, 1.43-2.6), 2.45 (95% CI, 1.11-5.40) and 2.04 (95%CI, 1.43-2.92), respectively (p<0.05). Although individuals of lower education presented a higher rate of seropositivity for anti-HCV, the differences observed among the individuals evaluated did not differ (p=0.4506). The prevalence of anti-HCV seropositivity in HIV-1-infected individuals was associated with blood routes of transmission (PR, 2.2; 95% CI, 1.28-3.77; p<0.001), IVDU (PR, 5.79; 95% CI, 4.74-7.07; p<0.001) and with self-reported previous STD (PR, 1.55; 95% CI, 1.18-2.04; p=0.002). Fifty one (51/775, 6.5%) HIV-1-infected patients presented both sexual and blood routes of transmission of HIV-1 infection. As shown in Table II , the prevalence of anti-HCV in HIV-1infected individuals was also associated with seropositivity for the VDRL (PR, 2.87; 95% CI, 2.40-3.43; p<0.001), and seropositivity for anti-HTLV I/II tests with lysate viral antigen (PR, 5.09; 95% CI, 4.16-6.23; p<0.001).
Immunological and virological assays. In a cross-sectional analysis performed with baseline measurements of CD4 + T-cell count and HIV-1 RNA viral load from the HIV-1infected individuals enrolled, the median CD4 + T-cell count was lower and the median HIV-1 RNA was higher among anti-HCV-positive than anti-HCV-negative individuals, independent of use of HAART, and the clinical phase of the disease (Table III) . However, these differences were not statistically significant (p>0.05). Undetectable plasma viral RNA HIV-1 (<400 copies/ml) was observed in 36.3% The immunological and virological responses of the HIV-1 patients were heterogeneous during the follow up period (Table IV) . While the CD4 + T-cell count increased an average of 31.72 cells/mm 3 /year in anti-HCV-negative individuals, a decrease of 5.47 cells/mm 3 /year in anti-HCVpositive individuals was seen. However, due to the heterogeneity of the immune response observed, the changes observed in the CD4 + T-cell counts per year did not differ among the HIV-1/HCV-co-infected patients and those infected only with HIV-1 (p=0.2168). Similar slopes were also observed when stratified by HAART use (p=0.7677) and when both anti-HCV serological status and HAART conditions were considered (p=0.6731). In the same period, the anti-HCV-positive patients showed an average decrease of 16,400 RNA HIV-1 copies/ml/year versus an average increase of 18,459 RNA HIV-1 copies/ml/year observed among the anti-HCV-positive individuals. These results demonstrated that the changes in RNA HIV-1 levels per year were different in the groups of HIV-1/HCV-co-infected patients and those infected only with HIV-1 (p=0.004). However, similar slopes were observed when HAART use was considered (p=0.1416). Patients who were receiving HAART presented rates of -45,931 copies/ml/year versus 1,474 copies/ml/year observed among patients who were not receiving HAART. When both anti-HCV-serological status and HAART conditions were considered, the slopes were also similar (p=0.0659).
Clinical disease progression.
During the follow-up, the clinical disease progression and survival of the HIV-1infected individuals were evaluated considering the serological status for anti-HCV. When the clinical baseline HIV-1 infection was not considered, the progression to AIDS was similar between anti-HCV-positive and anti-HCVnegative individuals (PR, 0.96; 95% CI, 0.61-1.49; p=0.8322). However, the death rate was higher among the anti-HCV-positive individuals than the anti-HCV-negative individuals, and anti-HCV seropositivity was associated with a higher death rate in HIV-1-infected individuals (PR, 2.12; 95% CI, 1.02-4.36; p=0.026). However, when the clinical baseline of the HIV-1 infection presented by individuals at the time of enrollment in the study (asymptomatic or with AIDS) was considered in the analysis, the rates of AIDS Table II . Serological characteristics associated with the seropositivity for anti-hepatitis C virus (HCV) observed in HIV-1 infected individuals from southern Brazil, 2001 Brazil, -2004 .
Total n (%) Tested n (%) Anti-HCV +a n (%) 
PR, prevalence rate; CI, confidence interval. a Antibodies against hepatitis C virus assayed by microparticle enzyme-linked immunosorbent assay; b Chi-square test, p<0.05; c totals vary because of missing observations; d enzyme-linked immunosorbent assay for specific antibodies against human T lymphotropic virus type I and type II; e microparticle enzyme-linked immunosorbent assay for hepatitis B surface antigens. 
Highly active antiretroviral therapy according to the Brazilian guidelines (36); b antibodies against hepatitis C virus (HCV) assayed by microparticle enzyme-linked immunosorbent assay; c Kruskal-Wallis Test (p<0.05); d determined by cytofluorimetry (FACSCount™); e determined by Cobas Amplicor™ Monitor HIV-1 version 1.5.
diagnosis and death did not differ between the anti-HCVpositive and anti-HCV-negative individuals (p>0.05), although individuals infected only with HIV-1 who were asymptomatic at the time of enrollment, showed a trend to lower progression to death than individuals infected with both viruses (p=0.055) (Table V) . Table IV . Slope of the CD4 + T-cell counts and HIV-1 RNA plasma levels observed among HIV-1-infected patients from southern Brazil (asymptomatic and with AIDS), followed up from September 2001 to June 2004, considering anti-HCV a serological status and HAART b condition.
CD4 + T cell c p value d HIV-1 RNA e p-value d cells/mm 3 /year (mean ± SD) copies/ml/year (mean ± SD) 
Antibodies against hepatitis C virus assayed by microparticle enzyme-linked immunosorbent assay; b highly active antiretroviral therapy according to the Brazilian guidelines (36); c determined by cytofluorimetry (FACSCount™); d Mann-Whitney test, p<0.05; e the RNA HIV-1 level was determined by Cobas Amplicor™ Monitor HIV-1 version 1.5. SD, standard deviation; anti-HCV + , anti-HCV-positive; anti-HCV -, anti-HCV-negative; HAART+, using highly active antiretroviral therapy; HAART-, not using highly active antiretroviral therapy. Table V . Clinical disease progression and survival evaluated in 757 HIV-1-infected patients from a southern Brazilian population (asymptomatic and with AIDS) according to anti-hepatitis C virus serological status, followed up from September 2001 to June 2004.
Anti-HCV a negative n (%) Anti-HCV a positive n (%) 
Discussion
Brazil has one of the greatest number of AIDS cases in the world and accounts for one third of all persons living with the virus in Latin America, with a national adult HIV prevalence of 0.5% since 2000 (31) . The major features of the HIV/AIDS epidemic in Brazil are the steady decrease in the male to female ratio as a result of an increasing proportion of female patients fueled by heterosexual transmission, and the fact that patients are from the poorer part of society and live farther away from urban centers (16, 32, 33, 40) .
The seroprevalence of anti-HCV among individuals infected with HIV-1 is considerable and the rate obtained in this study is much higher than previously reported among either healthy blood donors, or through populational studies of HIV-1-infected patients from Brazil (3, 13, 15, 16, 41, 42) . However, it is much lower than that found in HIV-1-infected patients from other countries (10, 12, 13) . The rates obtained were similar to those found in other HIV-1-infected populations. Previous studies carried out among blood donors from Londrina in southern Brazil, detected a frequency of 1.2% in 1990 (6) , and 29.2% in 2002 (17) . Anti-HCV seropositivity of 0.5 and 25.6% were obtained among HIV-1-seronegative and HIV-1-seropositive blood donors from this same region, respectively, during the period from July 1994 to April 2001 (15) . In another cohort from the Londrina region, consisting of 161 HIV-1-infected asymptomatic individuals and 617 individuals with AIDS, the rates of seropositivity for anti-HCV were 16.0 and 22.3%, respectively, higher than the rate of 4.1% observed among HIV-1 exposed but uninfected individuals (16) .
The rate of anti-HCV in HIV-1-infected individuals varies according to the risk factors for HCV and HIV-1 infection. Among HIV-1-infected hemophiliacs the frequency of anti-HCV varies between 60.0 and 95.0%, and among individuals infected with HIV-1 through IVDU it may be approximately 70.0% (1, 2) . Anti-HCV antibodies were detected in 51.4% of Italian HIV-1-positive, AIDS-free persons infected through IVDU or sexual activity (9) . In Argentina, the results showed rates of 58.5%, significantly higher in HIV-1-seropositive individuals than in HIV-1seronegative individuals, confirming the high prevalence of co-infection due to the occurrence of a common epidemiologic factor for the transmission of these viruses (10) .
Although the HIV-1 infection levels among individuals infected through IVDU are declining in Brazil (40) , they are still high and the level of seropositivity for HCV infection (21.0%) observed in the HIV-1-infected patients enrolled in this study was expected, confirming the overlap of the routes of transmission of these microorganisms and perhaps reflecting the lifestyle of the population assessed. The results obtained are consistent with a previous report that found a high (52.1%) frequency of HCV/HIV-1 co-infection among individuals from the same region infected through IVDU (17) .
Regarding the impact of HCV infection in the HIV-1clinical course, until recently, the negative interaction between HCV and HIV-1 was thought to be due to the accelerated course of HCV-related liver disease in the context of immunosuppression caused by HIV-1. It was believed that HCV did not impact negatively on HIV-1 disease progression (43) .
However, independent studies (9, 22, 23) have proven that chronic HCV infection can act as a co-factor for HIV-1disease progression. This deleterious effect is not due to a greater risk of hepatotoxicity in co-infected patients, which in turn may compromise the benefit of antiretroviral drugs. In fact, HCV infection seems to accelerate HIV-1-disease progression by itself (43) .
The HCV/HIV-1-co-infected patients enrolled in this study showed a trend toward lower CD4 + T-cell counts, higher HIV-1 RNA plasma viral load and faster disease progression than patients infected only with HIV-1. However, the difference was not statistically significant, which underscores that HCV infection does not increase either the risk of acquiring an AIDS-defining illness or the risk of death when comparing HCV-infected and HCV-uninfected HIV-1 patients, as reported previously (18) (19) (20) (21) 44) . Although there were proportionately more deaths in the HCV/HIV-1-coinfected group, as reported previously (45) , the use of HAART was a string predictor of increased CD4 + T-cell counts and decreased HIV-1 RNA plasma levels, suggesting that HAART is more important to the immunological and virological outcomes than is HCV co-infection status. A previous study of a Brazilian cohort of AIDS patients also suggested that the shorter survival period observed among HCV/HIV-1-co-infected individuals seems to be mainly due to their receiving less antiretroviral treatment (27) .
Studies of the natural history of persons co-infected with HCV and HIV-1 reported previously are limited in the extent to which their findings can be attributed to co-infection per se, since co-infected persons may differ from those with only one of these infections in important respects such as the route of transmission (43) , age, gender, the immunocompromised status, and the co-morbidities. These host differences, in addition to the possibility of infection with different HCV genotypes (24) , may bias observational studies and may explain the contradictory results.
The present study was conducted on a large cohort with relative homogeneity in demographic characteristics such as gender, age, risk factors for HIV-1 infection, access to free health care and relatively uniform clinical, diagnostic procedures, and treatment patterns for the HIV-1 infection. This relative homogeneity may contribute to the validation of the results obtained and to underscore the earlier observations that HCV infection, by itself, may not be a cofactor in the progression of HIV-1 infection.
In addition, other host co-factors such as the genetic polymorphisms of cytokines, chemokines and their receptors (46, 47) , HLA system (48) , antiviral immune response mediated by the CD8 + T cells and the levels of ß-chemokines (49-51), alcohol use (44, 52) , co-infection with other microorganisms and HAART adhesion (53), may exert additional or synergic effects with HIV-1 viral factors such as the genotype profiles of HCV (24), subtype of HIV-1 and the presence of mutations that confer resistance to HAART in HIV-1 disease progression in the Brazilian population (54) (55) (56) .
Taken together, knowledge of all these factors that can exert interactions with HIV-1 is required for the design of effective antiviral therapies and the optimization of the evaluation and management of HCV/HIV-1-co-infected individuals.
